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Although the most recent AOU, checke
list of North American  Birds (1957)
records the Blue Goose and the Lesser
Snow Goose as distinet species  (Chen
cuernleseens | = dnser eacrnlescens| and
C. hyperborer | = d. hyperboreg| vespee-
tvely), many ornithologists today agree
with the conclusion of Cooch (19613 that
the staller subspecies of the Snow Goose
duser cucrnlescens caciulescens s poly.
morphic and has two cearly defined color
phases, a blue phuse and o white phase,
Somie authors, eg. Mannlog ot al, (1956)
prefer to regard the Blue Guose and the
Lesser Snow Goose as conspectfic but cone
sisting of two subspecies,

Polymarphisin is well known in birds
atd has been well documented by Mayr
(1942) and Huxley (1955). In only a

few. cases, however, has it been possible to.

infer the penctic basis of the polymor-
phism. O'Donald and Davis (1959) have

studied the genetics of the color phuses of

the DParnsitic Jueger (Stercoraring  parg-
sitiens).  Meyerrlecks (1957) has some

observations on genetics of polymorphism -

in the Great Blue—Great White Heron
complex, Willlamson (1957) reported on

the genetic basis for the dimorphism found -

in the poslings of the Ross's Goose, and
Ryder (1967) extended these observa.
tions. Lowther (1961) recorded an in-

teresting case of polymorphism in “the

White-throated Sparrew and Thottieycroft

* (1966) presented cytological evidence for

the genclic basls of this polymorphism,
Mast observers, however, have had either

to Jgnore the genetic basis or o suygest

a genetic basis with no genetic evidence
on which 1o base their speculations,

Genetic «data of this nature are not .

casy to obtain in non-domesticated birds,
Many birds will not breed in captivity, In
the wild it is possible to galn meaningful
genetic evidence only if n large number
of fumilies Is studied and If the polymor.
phism is detectable in nestling stage, or
alternatively §f the nestling can be kept

fn cuptivity, or can be marked for Indie

vidunl recognition until the adult plumage
appears, "The polymorphism of Anser cace
rulescens is in many woys ideal for study,
Large colonies, where the different morphs
intetbreed, can be found. “The polymar.

phism is detectable fn both adult ‘and”
gosling plumages and s observable In both

sexes, Most species of birds produce too
few offspring -In any one season for u

genetic study based on individual familles

o be fu:mhlc but when a large poputa-

_tion _cnn _be, wnminud, some_pooling ol

data allows conclusions nlmut the ;,uu.lic
basis to be drawn, -
‘I'his paper is an attempt to unalyze the -

genetic hasis for the polymorphism in this

dimorphic species, by investigating a sam-

ple ‘of the large colony at Boas™ River,
-Southampton Island, North West Te el .

toties, Canntdn. AMthough there ace indica-
tions ;. that  color * differences lead to
differences {n choice of nest sites and

time of bréeding, these nutributes of the .-

polymorphism_have Leen Ignorul in the
present - study. In . the course’ of this'

-analysis, observations on the assortative ,
~mating behavior were made.- These obser- - - -
vations, which are- described in detafl -

below, led to the conciusion that some
form of imprinting,” s supgested by

Tluxley (1955), was opcrating., ‘This in -

turn suggested that such fmprinting, If

.

complete, could lead in a few generations
Evorution 22:283-300. June, 1968 {1 - o s
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_sented independently by Selger (1967) -
and Kalmus and Maynard Smith’ (1966),
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Tame. 1. Types of progeny produced from the
turions palrs of geese clnsifled according 1o
Mumage.

I.\Alull Num. Proneny in plumane claw 1(':;}:!
";m:f ;lr-:ll'; [1} 12 3 4 agmim
Ox0 284 1041 1041
ox1 8% 208 16 N
0w 50 154 42 196
ox3 4 4 & 14 23
a4 .3 6 6 11 . 23
oxSs § 3 4 F£] PiH
0x06 4 1 Jd 4 2 10
O 3 F | 4 2 12
txl 2?7 % v ’ 9
152 | LY N 90
1 X3 H .10 8 3 26
1% 4 10 10 Y 3 N
1%S 4 3 & T 4 -2
) L] A3 9 3 1y
1¥? 4 2 2 5 4 16
%2 M 10 6% ) 9
ax3 6 6 - 12 -6 24
2%4 L 5 10 18
2% H . 7 8 1]
1o - 9 b n o9 .
IR7 12 3 0 i 18 48
I3 H £ 5 10 10
Iwd 4 2 4 16 . P34
IS 7 8 4 4 L]
IX0 9 1 4.8 33
iy 1 1 6 2 9
404 f1 2 2 10 M
A4S, 10 .00 &
406 1n L P
1% 13 12 16 48
5xs 9 2 9 36 17
S5x6 1 . B . X 4
SXT - 22 90 12
0X6 b2 ] ) 97.
OX7: 3 . 13 88 - 101
ixX7 1) 149 149

to separation of the two color morphs into
genctically isolated populations and there-
fore into distincl specivs.” A mathematical
formulation of this has recently been pre-

“The data presented in this paper support
the theorfes of these authors, and show
how valuable a” study . based on carly

learning of Anser cacrulescens could be to
“an understanding of mechanisms of speci-

nliun nud poly murphium.
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F. COOKE AND F, G, coouit -

Meriton oF ANALYSIS

Although it has been normal to refer o
the morphs as “blue® oand “white” {or
fenow?), iy fact there Is more vartation
in the adule popuwlation. thas tiese terms
would suggest, - Some authors have also
usedd the term “heterozygote” to refer to
Mue Geese with ‘a considerable amount
af white un the ventea) surfaee, ‘This term
may have been used to imply - that the

genetle situntion was known, but there s

no evidence In the Herature that these
birds- are in Inct heterozygous, Striclly

the term Is inaccurate, - Nevertheless, the -

results shown n this paper indieate that
such usage is purtially correct,

In order to Investigate - the polymor-

phism it was first necessary to clossify
the birds according 1o the color of thelr
Plumage, For this purpose the adulls were

divided into elght eategories defined below,

Class” 0.~Ruody coluratlon”. white; tail
white: wings with 10 black primaries;
white aluln, white secondaries and white
COVUrLS, C

Cluss t.—As above but with alula exhib- -
iing varying degrees of darknesss sece

ondaries and coverls white..

secondaries and frequently stre; ks uf llnrk
in the tertinls,

Class 3.—~-Wings prcdumimmlly tlurl-.'

dark flanks - and back: ventral’ qurfncc' '
“while apart from. durk coluring aronuel .

the neck,
Clnss 4,.—-As llb(l\'L lmt wllh more dark

coloring to base of necks rest of vcnlml
surlace white.

Class " 5,—As  above Iml with
ventral surluce c\lemlin}, Imck o fore.
stunum.

Class 6.—As above bul wilh

stetnum,
Class 7.~As nbove but all \'culml sure

face durk apart from occasional wm.llf

white aren around the vent,
Classes 0-2 would gencrally be consid-

cretl as Snow Gwsc T hny are. whitc on .

‘Class 2—As above but with sonie dark™ ©

llnrk .

tnck
ventral’ surface extending - h.u:k to mids

ey 1-7.,,.- B e R e e R D et T

R

A — L



s R LT TP

GENETICS OF FOLYMORUIISM IN INSER CAERULESCENS

91

Panee: 2, Compurlsan betseeen Lhe frequencles of the progeny plumage chisses and the adult plumage
tlasses In Lhe tolnd sample,

——

Progeny class 0 | 2 3 4 Tatal
Progeny pumbery 1018 250 3 ATy o2 2928
Progeny

frequtenicles, e 353 0y ol 129 29 100
Adult cliss 0 H 2 R 4 3 13 H Folal
Mult numbers 111 13 (%] 54 83 [ 3.3 120 159 1842
Ml fres

quencles o 412 12.8 10.6 33 54 5.7 [ 103 100

the budy amd neck but have varying
umiuat {5 of dicek colorhrg on the wing.

Cla ses 3-7 would be consitlered us Blug
Gieese  “They have varylng namounts of
white ot the ventral surfuee, ‘The varis.
ton s more continpons than the category
clasiffention would sugpest. Some of the
bitds in cluss 3 spproach Snow  Geese
in appearance,

The_gostings can be classified nccord.
ing to the color-of their down while still
in the nest. Five categories could be recog-
nized but the divisiuns between clusses 0
and 1 oand between classes 3 nnd 4 are
somewhat arbitrary, The clusses of gos-
lings are:

Class 0.—~Guolden. General tone greendsh

Cydlow  (somewhot gravish on back amd

wings); medium browndsl markings o
crawn, nape and line of same color through
cve; indefinite yellowish patches on back
and rumpy medium brownish aren from
thigh to flank: bl Hght gray with buffy
nails tarsus and feet mostly light gray.

Class 1.—Dark golden., 1ike proceding,
except - brownish ureas on neck and head |
much darker; line through eye nearly

black to jet black (some have blackish
eye-ting): general frlzrlml or nonr-u;,,mm
appearance.

Class 2.—Dusky. General tone dusky
olive. green  with overall vellowish wash,
It darker (blackish) .on head and upper
parts; pale yellowish chin  patch and
nurrow yellow ling extending up from chin

patch (o forchead in aren immedintely -
behind upper mandible; intense yellow
wasti on nupe of neck and posterior

crowng bl and feet mostly sooty bluck
general color bleaches at q very raphl rate,
especiolly i those arens suffused  with
yellow wash, and very patchy appearance
tesults within three weeks, ‘ .
Class 3—Duark, Like 2 exeept yellow-
ish wash reduced and o yellowish line
vehingd upper mandible; bleaches ns pre-
ceding, but hecause w; lsh not initially so
intense, bleaching and subsequent contrast
nut o mcked, - 0 e
Closs 4.~Black, Except for pale chin.
patch, the head, neck, and uppernarts
dusky brown to souty black:  underparts -
somewhat lghter(hrownish olive); haedly
any vellowish wash; bill blackish with
whitish nail; hind Hnibs  blackishs - tlu-

town I)lem:llcs undformly, -« e e

In all, 771 nesting ;mlrs were In\'cﬁtl-
ted from the Hoas  River coluny, Only
thuse nests where there were two parents
were considered, From (hese pairs, 2028
goslings were classified—an average of
3.82 goslings per breeding padr. From this
sample an analysis of the genetic basis of
the Blue-Snow pol}morphism -has heen
worked out, :
Resutts

All possible mating comb!nntinns were .
found. Tn all there are 36 such combina-
tions, The progeny from all the crosses =

within 0 mating combination (e, 60X 8y -
- have been pooled in respect to offspring = - -

cofor class, and the data ﬂrc prcﬂcmed

in Table 1. | .
One  of the major .problcms i"’,:thc

analysis is to deduce which gosling plum-

ages corcespond to which adult plumages, - T

P
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Taner: 3. Comparlion bettween the frequencles
of the progeny plumage classes and the adult
Mrumage classes In the total sample, Pooled data,

———T

Tavn, &, Types of offspring obdabned from the
varlous crosses, Pooled daly,

Number of offopring

White Muiph Titue Murph Nunlut While 1iue
———n 1] Monph \qulh
Progeny clisey Sarents Ll (-2} 3ord)
{pooled} 0, 1 aml 2 doand 4 white % white )
Proveny frequencles 65,25 34800 (0-2) (0-2) 0 174l (100%) v
white % blue
Adult classes &b S, o " 320 48
{poaled) 0 duml 2  Gaml? (0-2) (3-7) ’ H{AE) 2
Mue ¥ hlue
Adult frequencles 67 2% (3= {3-D) 20 M 2%y T

[t is possible to do this on a statistical
basis, JU has been caleulsted by Couch
(1961) that the Dlue morph in the Boas
River populution is increasing ab the rate
of from 1 W 2% per annum. ‘Therefore,
the frequency of any one gosling plumage
cluxs should not be significantly more

than the frequency of o corresponding -

adult plumage class, if the plumnge clase
sifteations wre geneticully determined, For

instunce, if goslings of plumage cluss 0 all

grow up to be adults of class 0, then the
frequency of cluss O goslings in the off-
spring population would be within o few
per cemt of the frequency of the class O
adults in the adult population, By making

- this cotuparison one gaing un indication ol

which offspring plumm.cs correspond ‘o
which adult plumages. Table 2 shows
that there is no poxl comparison, bLut if
one pouls the frequencies of certain of the
crosses a poud compurison can be made,
A number of pooled combinations  are
possible. The one shown in ‘Table 3 Is
considered  the ost  prabable, firstly
because it Is statisteally the closest and
secondly beeause other interpretations aee
unrealistic when the data are considered

in detall, This compirison of the progeny

plumage classes with the “adult plumage '-'l!on. Birds showing the blue morph, there-

fore, would have the genotypes BB or
Bl, while birds showing the white mnrph —

classes would lead to the conclusion that

progeny. classes 0, 1 amnd 2 are youny -

stages of the. white morph and clusses 3
and 4 are the young stages of the blue
morph and the so-called heterozygotes,

"One cannot rule out the possibility that

some class 3 and 4 goslings are white

mworph and an vgual numbier of class 0, 1
and 2 goslings are blue but genetle evie
dence gives no indication of this, Where
vhservations have been made on banded
goslings retrapped later, the concluslons
presented shove seem 1o be valld, with one
exception, "Phese are goslings of progeny
class 2 which are rare and abnormal in
that they give rlse to an wdult which
has cssentinlly o blue goose. wing colora.
tion mnd a snow”guose budy apart from o
sl amount of dark coloratfon on the
back of the neck, Such adults have been
clussifted as belonging o adult class 3,
which s a Llue morph class although
the goslogs have been asslgned Woa

wnomaly and it is felt that the adulis

shoukl more properly have heen placed in

cluss 2, Reasons for this are glven lnter,
With these pooled data, It is possible

to simplify the data in ‘Pable 1. ‘Fhis

simplification Is shown in Table 4. These

data now - fit In well with the hypothesis

that the different morphs are due -to
single alletic “differences such  that the
dominant allele B confers the Liue colora-
tion Lo the goose while the recessive allele

_ b, If homozygous, confers the white colura.

woull have the genotype bb, -
On this hypothesis, if both parents nre

white (classes 0-2) then all the offspring

should be white (offspring clnss 0, 1 or 2),

- This was found to be true for nll 470

_ white_morph class, Clearly this is an -
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whtite X white crosses, "The nutcome of
cross hetween a white bird and a blue bird
would depend upon whether the blue was
heterozygous or homozygous, I hetero
ayruus, blue aud white offspring would be
produced iy a 121 rado, I0 hoimozygous,
only blue offspring would be found, The
frequency of white offspring from a large
mixed snmple of crosses would therefore
be between 0% atul 50%, dependent upon
the frequency of homozypoles to hetera:
zygotes in the blue  population.  The
observed frequency was 34.8%.  In the
e~ % blue crosses, white offspring would
L. produted only if bath parents were
heterszygous, M ali the blug X blue
crosses were between heterozygous bivds
then 255 of the offspring woulll be white,
Clearly some of these crosses involve
homozygous birds therefore the frequency
of while offspring from a mixed sample of
Blue % blue crosses would be between 0%
und 25%-, The observed value Is 4.2%,
Siuce assortative mating oceurs in the
population ft Is not possible to use
Hardy-Weinberg  calealation to estimate
the relative frequency of homozygous to
heterozygous blue bireds,

“The results obtained, therefore, are con-

" slstent with this simple genetic interpres
taton. Two problems remain however, -

Firstly, Is the heterozygote morpholog.
ically distinct from the homozygous blue?
Secondly, what is the explanation for the
varintion” observed within any particular
genotype class? ‘These questions are con--
stdered below,

Heterogasotes

Earller writers have referred to the
white-bellied blue birds as heterozygotes.
Thix appetlation is only partly borne out
by the data, ‘The Llve adults were subdi-
vided into classes 3 through 7 on the basis
of degree of whiteness on the ventral sur-
face, Although divided into five clnsses
for convenlence, the varlation between

class 3 and class 7 is in fact continuous, -

The data suggest that most, if not all, of
the class 3 binds are heterozygous, and the

Taunt: 8, Proportion of whiterblue progeny in
croswes where one parent is white (class 0, { or
2) wnd the other piremt blue, The 11 rallo
would be expected if all the blue birds in that
chass swere heterosypous, o 1 volur of less than
500 means that 0t s tndikely that all the biue
birdy welthin that clase are helerosygons,

Ay " Value,
I'lumage flr\hllun
Class Number  Olfsptine fiom
of e ol  see——— :
Parent Crover White  hloe Ratio r
3 by A) B 1 LR 0.05-0.10
4 2 41 38 on 0.30-0.50
5 o M [} 16.% « .00l
4 1% 48 16,0 00 -
¥ [} U} L} .0 <001

frequency of heterozygotes in- cach class -
diminishes ns the degree of whiteness on
the ventral surface decteases. Neverthe-
less, even some class 7 birds (wholly dark
belly) -must be heterozygous,  eterozy-

gosity of a Dlue bird is detectable by the - - -~
ability of that bird to produce a white

ofispring when mated o either a white
“bird or another  heterozygote, The [re-
quency of white offspring gives 1 measure

~{albelt an imprecise measure) of the fre-

guency of heterozygules,

+'The frequency. can be scen Tn.Tables §.0 e .

and 6, Table 5 shows the frequency of
white offspring produced when ¢lnsses 3,
4, 5, 6, and 7, considered separately, are

mated with white birds. ‘I'nble 6 shows ~ -

the frequency of white offspring produced
when classes 3, 4,5, 6 and 7 are mated
with Blue binds, -

From Tuble § one can deduce that there
Is no reason to doubt that all class 3 and
class 4 are heterozygous, since the fre..
quency of white to blue offspring does
not significantly differ from a 1:1 ratio,
which would be predicted if all . these
crosses were genctically. B X b, - Classes

$, 6, and 7 presumably include " hoth - e

homozygous and heterozygous birds, The -
frequency of white to hlue offspring docs
not L a 133 ratio, but nelther are all
the offspting blue, By looking at the off-

spring from individunl crosses the best

estimate for the class 5 birds is that 38%

e A Avm e o  ——
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Tawre: 6, Proportlon of white to blue Progeny In
cropes where both parenty are blue,

Adult Eatimatedt
Plumage Frequety
Clas i Nume Ullspine Ver of Poubly

phe Nlye  fwt 0] emmesremm—— Cenl tlmrm)-
Patent  Cowses  White 1tue White  Enus Crmoes

. 32 8 03 na 10050
60 13 198 1.2 288

i IV 4.2 1085

102 4 40d 1.0 40%

140 1 307 0.2 0585

*The data are pooled such that In clas 3,
crosses A S IR L IXSIXound 3K T ate
luchuded, ‘The 3 %3 group nre counted twilee,
once since blrd A of the pair Is o clas 3 lad
mated to o Wlue bled and once slnce bird 1) of
the palr Is & class 3 BLird mated W0 a blue bird.
The same n-:mmlm. applies for cach class,

1 Since 25% of the offspeing from a doubly
hmmz).mus cross will be white the {requency
of such croses s 4 % the pereentage of white
['ro¥eny,

- de e

are homozygous and 625 licletozypous;
for clnss 6 birds 305 are homozygons and
50% are heterozygous: for class 7 birds
50% are humoryg.uus and 50% are hetero-
zygous, ‘Talbile 8 gives details of these
crosses, To caleulate the frequencies of
heterozygotes to homozygotes an estimate
is obtained by observing the frequency of
white offspring in the total sample frum
any particular Blue parental class mated
to n white bird, Since heterozygotes
crossedd W0 white birds give an  cequal
number of white and blue offspring, twice
the number of- white offspring gives an
estimate of the total number of offspring
produced by Bb X L crosses.

If 11" = number of white offspring from
a particular. blue ¥ white mat-
ing class,

T = total number of offspring from
a particular blue X whltc e

o im. cln'ss,

v among the blue pavental class,

Then P = VT g gi\'us the best estimate
of this frequency. 'I‘hc P values are tabu-
laled in: '1 bh. . S -

\ W

K

-offspring 1s (0.75)",
pair _produce four offspring, there is _a_ ~

w "P=frequency of hutcrozygolcs '

Tap 5, Pereentage of white progeny produced

tohen bliie binds are mated with bleds of the same

Mumage class, 1f all lrds swithin the particutar

cluss were heterosygoles Lhen arowul 2850 whlle
nmprlng teould be expecled.”

L‘llnu {ulule \un}lﬂ frer Cemt
¥ I‘.;Tt:-c‘;l ltl':llﬂ White Mue Prngeny
LI 5 10 10 So
x4 11 2 a2 6.2
L. 9 2 4% 4.4
X0 M 0 us 0
i R} | 0 149 0

A general conclusion which can be de-
rived from “Ialle 5 and which is con-
sletent with the data, §s that all the ¢lass
3 und closs 3 Blue birds which are mated
with white birds are heterozygous, and
roughly two-thirds of the class 5 and ane-
half of the class 6 and 7 Llue birds which
are mated with white hirds are heterozy-
gous, the remainder - belng  homozygous,
This is summarized in ‘Falile 8. .

“The biue X blue crosses are tore (Imi-

cult o analyze, Only I hoth parents are -

lhieterozygous is n while offspring possible,
Even if both parents are heterozygous and

produce # offspring the chance of all blue -

Il u helerozygous

31.6% chance that all will be blue, - Never-

- theless, I o white offspring Is produced it

means thiat both parents were heterozy-
gous, One can sce from Table 6 thmt
lhelerozygosity Is not distributed randomly

nmong the five clnsses, but “Is frequent

among the white bellled birds and rare
(but nol absent) among lhc dnrk hll

lied birds,

An alternative way of u‘sur-sing the fre-
quency of heterozygotes amang the differ-

_ent classes of blue birds i to consider

only those birds which are mated to an-
other of the same cluss. ‘These data are
presented - in ‘Falde -7, - 1f all -blue bicds
within a class were heterozygous then one

would expect 25% of the progeny 1o he' '

white. The 3 X 3 crosses oppear to give

n significantly higher- frequency than this - '

and this result requires’an explanation. . 1t

ol
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hus already been mentivned that the class
2 progeny are white hirds siee they are
Druduced from two white parents and yet
they gtow Into an abnorml Pfumnge which
i this survey hus been classitied as adol
Plumuge class 3, 1t seems that s terms
ol vur hypothests such a bird fs generically
bl homuzygous recessive, Very few of the
cluss 3 adults are of Wiy genotype sinee
birds of this plumage are rare, but 3 ans
e two af the pareits fn the 3 X 3 crosses
are In fact bomozygous recessive then this
conld result in the significamt ncrease of
white progeny in this class,

The 4 % 3 crosses and the 5 % § crosses
sugeest thal some of ench of these classes
tire humuozygous blue and some are hetero
zyuons, The 6 X 6 crosses and the 7 %7
crosses give no indication of any heteros
zygotes. Nevertheless, they are relatively
small samples and we bave alteady seen
thut ar Jeast o few of the 6 nd 7 cuss
birds are hererozygous,

A oattempt bas also been made

estimate the frequencies of helerozygotes

among the different adult plumnge lnsses,
as deteemined by the blue X ble grosses,

The frequency of white offspring from

blue X blue closses involving o particular

blue parental class glves nn esitiate of the’

frequency of heterozygotes in that paren-
tl class, When two heterozygotes are
mated, 25% of the offspring would be

expected to be whites thus 4 X the numbee -
of white offspriag in the sample gives -

an estimate of the frequency of Bh % b

crosses. If one assumes that mating is .

tunclom between the different genotypes of
blue birds then the frequency of hotero-
zygoles In any one class of parents is the
square root of “the frequency of doubly
heterozygous crosses.. Thus, folluwing the
nutation given above:. 2= \AW/T. The

© assumption “of *random ‘mating  between -
the penutypes is unlikely to be true -

since assortative mating has been shown

and therefore this method s likely to overs.

estimate the frequency of heterozygotes.
From these calculations one can see that

cass 3 birds are heterozygoles, though .

e e e R PO,
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Tanlk 8, Culenlated frequienclvs of the defferent
Renelypes wlthin the different adutt plumge
clanes, 3-7,

e =

Adult Mur, x White Dlue X Blue
lumage ‘tnard Ciners
Claws I =y LD
{Mye) (v 1enl) (se¢ tent)
“ 3 H{ all Bl
Clew misclis. - -
sified LYY
4 all b 5% I, 465 Kl
5 (250 Db, 3851 BN 4105 BL, $9%. NN -
6 0% Ith, 5050 it 20% b, 305 LIt
T 0% B, 5050 Bt 9% Bih, 915 il

thete is some evldence that a few white

bl birds have been misclassified, Class 4 -

und 5 birds consist of heterozygous and
homuzygous blues, Class 6 and 7 birds
consist predominantly of homozygous blues

and the  frequency . of heterozygotes Is

unlikely to excevd 20%,

10wl seadily be seen that the frequency

of heteroaggotes umong the bive adult -

colur classes a8 deduced from the blue X
blue crosses is not the same as that calen. -

lated from the blue X white crosses; These

differences are shown In Table 8. One A

interesting polm emerges from this wble,

which are mated to white birds is cenisid-

erably higher than the frequency of hetero.

zykotes mated to blue birds, This is cor-
talnly true {or class 4,76 and 7 birds and

is probably true for cluss 5. There s no
evidence that any - of the class . 3 birds

have the genotype BB, This tendency of
heterozygotes to mnte with white birds i<

“biotogically  important - and  witl - bhe dis- .

cussed later, o - _ I
A genetic classtifcation of duser caeru-

deseens in terms of this. major gene for
color under the scheme proposed above )

would bey”

Bb—adult classes 0-2 '(raruls' 3), prog- - -

ony clusses 0-°,

‘Bb—adult classes 3-7, progeny classes
/73 und 4.0 :
BB—adult classes 4-7, progeny classes

3 and 4.
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“The frequency of heterozygous blue birds -~ -
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k{ Tanwe 9. Vurfation of progeny chisses predured
) Jrom vosses between white binds of different
4 . adnlt color daves,

A ———— .2, Nttt i

e —

b " Chawof \llla-; Number P'rogeny Clasues
' (.\llult lop ot - et
ws} Crisaes 0 i H
B 0% 0 284 1048
oxl .5.) 208 16
ox2 L1 1584 42
1X1 H vo ]
&4 21 LH 3]
1%X2 N 0 8 2
‘J \.. . .
o This analysis of the Blue Giese strongly

, suggests therefore that the B allele s
e incompletely dominant and that there is
o considerable varfabflity of espresslon in
barh homozygous and heterozyyous birds,

Variation Within the Major
R . Genctle Divistons

Clearly the genetle model presented

. above docs not account for all the plumage

variation found in cither the ndults or the

“offspring, Homozygous recessive bb birds

: vary in the amount of dark plumage on
o the wing, Bb and BB birds vary in the
© 0 amount of white on . the! ventral surface,

. 'I'his vurintion. may be environmental,

<+ - -genetie or both, - There is evidence that-

both genetic and non-genetie, varintions
o - . oceur, The data have heen nnalyzed only

“knowing precisely whether any particular
| blue bird is humozygous or hicterozygous
'confuws the analysis. .

White bitds of ‘adult plumage cluss .2

\\hcn mated. together may pive .rise”to
_‘\ Cl j.rogeny of class 0, 1 or 2. 1t was pointed '
3 out by Cooch (1961) that §f both birds

ml\a pair ‘were, of class 2 and I they laid

© L ifive.cgys, the hut epr would hatch into n -

I s.otling of - progeny class 2, Furthermore,
o thc jcarliest egys to hatch usunlly gave

[roycn}' “class O gnslings.. ‘This variation is

o 'p-ahnbl; nnn-gcnntlc. Degree of of(spring
Lo coloring fs clearly corrclated with the
T lengih of; time between -fertilization” and .
s _hnlchlng I the '.nriallon were genetic, it
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ARkt 18 dttortallve maling among a) white
reese and b) dlur geese, The tendency for a bind
fo be muted with another In the same duhi

Mmmlgr clags s noticeabile,

E\ u-mrd
o Whin ob Randnt
Cenuser sened  Mating)
0xX0 284 2261 ‘Tolad Croswes 470
oxi L1 113.0 2
o2 S for  Ka=oLis
11 n 1.1
In2 21 216 Pr<gool
1x2 23 B3
‘l‘\snﬂnl
by tue O 'H\llatllwvlt:l
Coumwes yerved Mating)
Ix3 k] 13 )
dwd 4 4.7 Folsl Crosses 203
IxSs H 5.2 )
V%6 9 8.0
Ix? ! no - _
44 1 44 'X'.I :
4xs 10 10,0 y = 44,06
I%06 " 1. % D o
497 1% 207, IP<oo
5505 e 64 - S
X0 1 18.1 {Fur (e purposes
XY - 4.8 of the x*-test
(341 24 . 128 dasses 3 and 4
tx? 2 35,2 were lumped since
X7 stne expecied

kT N T
: © ... values are low,)

2L for the white birds, since the difficulty of.

1uin p,enolypcq were Invnrlnbly later in
hatching than others,' Further experimen. -
tal evidence is needed on this point. .

Some of the varjation between the white
“birds does seem 1 be genetie, The greater
“the dark coloring} on -the wing of the
‘parents the greater the proportion of prag-
eny classes 1 and 2'in the offqpring. -_'I'hls
can.be seen In Table 9. - .

.These results suugcst thut, the m'nln .
pogsesses | modifier senes which ltead (o
varintlon in the amount of darkness in the *
goslings and in the acilt wings In bb bivds, -
Perhaps these modlhcrs also affect the
expression of the domimmt allele. The
hypothesis. of. a sing.‘- major gene dif.
ference with. the B jallcle Incompletely
duminant over the recessive allele b, super-
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imposed upon which are modifler genes
tngl sume nponegenetic varintion, is then
consistent with the results which are pre-
sented in this paper. Other hypotheses
tested have proved Inadeguate o explain
the duta, or are more complex than the
one presented. Whethee U s in fact the
carrect hypothesls will perhaps only be
known when controlted matings are carrled
aut witly birds in captivity.,

Assortative Mating

Cooch and Beardmore (3959)- have ni-.

ready recorded nssortative mating in the
Blue-Snow Guoose comples, They showed
thut birds of similar morph mate with one
another more frequently than with birds
of the opposite morph, ‘They showed fur-
ther that when only blue X white crosses
were exumined, pales where the white bied
wus the femule significantly’. outnumber
those in which the blue bird was-female,
"This is in contradiction to the observations
of Sutton (pers, comm,) who has found
that blue femates prcclominnle fn-mixed
Crasses,

Assortative mating of a morc restricted
kind can also be demonstrated,  Even

within the classes based on adult plumage, -

there fs o slgnificantly higher number of

pairs in which both birds belong 1o the

same plumage class. This can be seen in
Table 10 which shows this effect amonyg

* white birds and among blue birds, There *

Is another type of assortative mating
which affects those blue birds which have

mated with white birds, - ‘The blue birds
with more white In theie plumage show -

"; a grenter tendency’ to mateé with white

* . be_a heterozygote than is a class 7 bird,
. Qne can conclude from Table 11 therefore
. that heterozygous birds mate’ more fre-
. quently with white birds than’ tlo homo-

birds than do those witly the datker plum. -
ages. - This is demonstrated in Table 11, .

It was shown in Table.8 that the more

. white In the Blue Goose plumage, the
more likely It is that.the bird s hetero-

zygous. A class 3 bird Is more likely to

) z)gous blrds. ‘ U

- . . v »
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Tanse 13, Tolol frequeney of Mue bivds In rach

of the five udull plumuyge elisses compared with

the Jrequency with tehleh Olue bleds In rach elans
ure mated to white binls, '

: Nuniber In - l'er Cent of

Claw of Nuniber (.Inu Mated tn Clase Mated 1o
e N in Claw Whits Hind White Ititd -

3 L1 R A 407

4. . Jl ) ' FY N

] 88 . 16 .82

6 - 120 . 150

7 ] 159 . 19

19 -

A further and more cryptic type of
assortative mating i also cdatectable in .
Athese data, In adult plumage classes 4, §,
“6 and 7 within a partfculne cluss one has

both homozygous and heterozyyous birds,
The heterozygous birds within, a class

show n greater tendency to wate with'

white birds than do the homozygous birds, - - -

C'This has been noted earlier and avidence

i shown -in Table 8. SRR

I)m(.ussm

A discussion of the genetic intcrprela- -

tion of -the ‘data has already been- pres

sented~The duta-are consistent with the v

theory thut a major pair of allcles con.
trols this avian example of genetic poly-
morphism, The dala are not’ unequivecal

_since. it uppears that there are additiona)
“factots such as modifier genes, lncnmplelc

dominance and assortntive mating, A
detniled examination of the assortative
mating leads to some {nteresting lhcories

. concerning mate alcclinn in (lﬂlﬂ' cae- -

rulescens, - - -

Since all ilm'(lnm prcscnled here come -

from the same .colony, the -cvidence “of -

assorlative mating suggests n selection of

partfcular: kinds of -mates in this poly-

morphic population; * 1t is known-that the =~
male plays the dominant rtole in pair .
formation. . 1f selection is carried out on - -/

the_basis of plumage color then a simple.
hypothesis wuuid be to assume that male
tends to sclect amate with a plumage

similar to his own. This agrees with the -

]
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uhisceentlons shown at Vable 10, but does
pot esplain the observations of Couch and
Beatdmore  (1959) and  Sutton  (pers.
comm,) In which the two reciprocal types
of mized mating are not cqually frequent,
Mareover it does not explaln why the
heterozygous birds within a class show a
greater tendency 1o mate with white birds
than do the homozygous birds,

An alternative theory based on Imprint-
inge can explain all the daia presented in
this paper. ‘This theory is that males
select o mate with o plumage similar 1o
that ol one or both of their parents,
Some fmprinting mechanism was suggested
by Cooch (1963) to expluin the fuct that
the first Blue Geese 1o appear in previ-
vusly pure Snow Goose colonles are almost
olways white-hellied birds, which were
assumedd 1 be heletozygotes,

Clusgs 7 birds woere shown 1o be usually
homozygous, hut of the class 7 binds with
while mates about 50% were hetorozygous.
‘The heterozygous and homozygous cluss 7
hirds do not differ in range of plumage,
at Jeast not to the human eye, and yet the
heterosygotes are preferentially selecting
white mates, The homozygous class 7 birds
must have had both parents with Dlue

. (umage, wherens the heterozygous birds
could have had a white parent.” If geest

select mates simitar 10 one of thelr parents
then it is expected that heterozygous birds
will be mote frequent among the blue %
white crosses, This theory provides an
explanation for the data in Table 8 and 11,

1t also provides an explanntion for

the hitherto unexplained observation that

among mixed paies, the number of blue

males mated with white females signifi-

cantly exceeds the number of white males
mated with blue females in the Boas River

colony. Assunting that the male plays the
dumhmul role in mate selection, and that .
““Ihe femaleis’ pmlvc, then the Lxccﬂs o'

Dlue males crossed with - while femaler

" would stiggest that the number of blue
males- with o white parent . exceeds - the'
- number of white mules with u blue parent .
“in this colony if our theory: ,h currect,

Frum the data in Fable 1 it Is possible
w find owt how many of cach of these
two classes are present, In facl in the
sumple $.35% of the white guslhms il 1
blug purent whereas 24.4% of the blue
goslings had a white parent, Only 50%
of these govings will be males and will
therefore actively select mates, but never-
theless these findings agree precisely with
the prediction based on this theory of
imprinting,

All the examples of assortative mating
presented in this paper can be explained
on the basis of the theory that male geese
seleet mates which resemble one of thelr
parents. ‘Uhis theory can be tested In a
mitmber of ways, Firstly, familes of geese
cauld be studied from ene generation o
the nest to see how precisely this theory
holds fo. particular maorked bieds, I'he
data preseated above are based on o lurge
mumber of familivs in a single generation

and no sttempt has been made to examine

the mates of the goslings in this sample
in subsequent years. An experiment of tais

nature should be carried out i the fickl

since experiments with captive birds moy
result in excepticnal mate selections, Seee
ondly, in the white X blue crosses the
ratlo of blue males andd white females to

- white niales und blue females fny populns—

tion would be dependent upon the overall
ratio of Dlue to white birds in the popula.
tion if our theory is correct, For example,
In this. Boas River populition the fre-
tuency of blue goslings with n white
parent exceeds that of white goslings with
#t biue parent and therefore according to

-our theory blue males with white females
“predominate among the mised crosse,, In

a population such as the Bowman Bay

colony, | hluo geese are much more common
“than white “geese, - In such a culmu- we .

wauld” expret white goslings with a blue

parent to outnumber, Llue goslings with a - --
white parent -and therefore in the mixed .
- crosses white” males and blue  females -

would prmlomlnnte. It would also be
interesting to cnm[mre the assortalive mat-
ing pallt'rm in’ Ihc Snmh Amerimn goose,

')\
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Chtoephuga picta, in witlch only the male
is polymorphic,

The nformation presented in this paper
points te the importance of imprinting as
s muechunism for assorttive miating and
the maintenance of polymorphism in a
population, Jduser cuernlescens, therefure,
llustrates many of the phenomena pre-
divted by the theoretical mordels of Kalmus
and Mavnard Smith (1966) and Selger
(w673, Further study would certalnly
reveal more informatlon,  Flestly, although
it s Inferred from our datn, It certainly
neeids 10 be confinmed that ft is the male
who plays the dominant role in e selees
tion,  Secondly, it i important o know
whether o gosling becomes imprinted to
cither parent or simply to the maother,
Thirdly, daes the appearsnee of other
guslings I the brood influence the im-
printing?  Fourthly, how absolute is the
imprinting?  Seiger showed that {f m-
printing was absohute and invalving both
seaes then spanpateic spectation would take
plice within a few generations, even when
the morphs differed by a single allele.
Since Blue Ceese and Snow Geese have
been known to interbreed for more than
60 years (Wnauw, 1908), and since all
types of mating are st known o aecur
~ Bt osupeests that imprinting is less *han
alsolute, ‘The facts that the Blue Goose
and the Lesser Snow Goose ny differ
- by u single gene andl that Imprinting most
probabily bas played & role in the distri-

bution of the color genes in the popula-

tion support the fdea that imprinting, if
absolute, could be a speciation mechanism,

Stnce the mechanism does not appear 1o
he absolute, the assortative mating could

well be n mecannism for maintalning the.

polymorphism In the population, without
heterosis, ‘The data presented above sup-

ports the conclusfon that . caernlescens -

~ cacrnlescens is polymorphic” and consists

" of two color phases tliﬂurlm. ln' i -:ln;..lc

major gene,
SuMMARY

.»\n analysis of a population of .ctmrr

r(trruh'scms has led to an understanding

v
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of the enetle mechantans volved o the
polymuorphism found in this group,

Busically, the polymorphism appears to
be determined by a single puir of alieles,
suich that blue birds have the genotype 113
or Bb whereas white birds have the geno-
typee bh,

This simple Interpretation 1 r:nmpl! :

cated by three factors. Firstly, duminance

appears o be incomplete In must blue

blrds and o varkalde amount of - white

plumage on the belly oceurs in most het-
crozygoles. Seme of the linmozygotes also-
hnve white plumage on the belly, and it -
is nat possible 10 assign the genstype BB
or Bh to a bLlue bird on the basls of-
plunage atone, A dark bellied blue bird -

is usuntly homerygous, 4 bird with much
white on the belly s usually heternsygons,
Secondly, there are v wiations in phamaie

which are not due to this major gene for
‘I'his varlation has - leen
non. -

polyworphisim,
shown to have both genetic and
genetic componems,
sortative mating,

Thirdly, - there is s

The assortative nmllng s been exam- _

fned in detadl and a theory to explain it
has been put forward, Basically, this
theory postulates that males of this poly-
morphic species” select mates which have

plumage patterns stimilar” w7 those "of ‘one”

of their parents, Some behavioral charae-
teristic wherehy (he gosling becomes “ime
printed” o the plumage of one of -jts
parents could account for this mate pref-

crence and  for - the assortative mnting -

which has bLeen observed. ‘This type of
assortative mating may be theé mechanism

whereby the ;mlvmmphhm is mnin\uinctl 2

in the population,

Since imprinting echantsms are well
known in geese and since the Blue-Snow.
goose complex Is . the only goose species

with such pronounced plumng.e polymot-

phism, apart from the - South -American - -~
Chlocphaga picta, it woull’ seem to) be-

an ideal species for 2’ combined geaetical
andd Lehavioral study, which could shed

light on mechanisms of evelution dcpw-_
- dent - upan learned hulm'mr. '

vt . . ..
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